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Abstract. Most commonly, residents are always arguing about the satisfaction of sustainability and 
quality of their high rise residential property. This paper aim is to maintain the best quality 
satisfaction of the door hardware by introducing the whole life cycle costing approach to the 
property manager of the public housing in Johor.  This paper looks into the current situation of 
ironmongeries (door hardware) of 2 public housings in Johor, Malaysia and testing the whole life 
cycle costing approach towards them. The calculation and the literature review are conducted. The 
questionnaire surveys of 2 public housings were conducted to make clear the occupants’ evaluation 
about the actual quality conditions of the ironmongeries in their house. As a result, the quality of 
door hardware based on the whole life cycle costing approach is one of the best among their 
previous decision making tool that have been applied. Practitioners can benefit from this paper as it 
provides information on calculating the whole life costing and making the decisions about 
ironmongeries selection of their properties.  
Introduction 
The essential problem in evaluating projects over time is that the money has a time value. 
Reflecting of this scenario, economics and value must also be taken into account in the evaluation. 
From a practical point of view, the analytical solutions are delicate and must be interpreted with 
care. Therefore, the evaluation that should be considered must involve the mixture of art and 
science. In order to appreciate that condition, the Whole Life Cycle Costing (WLCC) has been 
chosen as an alternative approach for this situation. The need for WLCC arises because decisions 
made inevitably have an impact on future outlays as the design evolves and product matured, 
especially during the early phases of a project development [1]. 
During the 1930s, many building users began to discover that the running costs during 
occupancy of the building process such as maintenance, energy and management began to impact 
significantly on the occupiers’ budget [2]. It was found that the lowest cost system of selection was 
not always the cheapest solution over the lifetime of the building. 
Understanding the various definitions of life cycle costing and WLCC, the author determined 
that, WLCC is the systematic and sustainable approach to consider at the initial level of budgeting 
with all significant costs by taking into account the economic interest on the assets involved at 
diverse stages of development. While, Kirkham and Boussabaine [3] advocated WLCC as a 
dynamic and ongoing process which enables the stochastic assessment of the performance of 
constructed facilities from feasibility to disposal. The WLCC assessment process takes into account 
the characteristics of the constructed facility, reusability, sustainability, maintainability and 
obsolesces as well as the capital, maintenance, operational, finance, residual and disposal costs. The 
results of this stochastic assessment form the basis for a series of economic and non-economic 
performance indicators relating to the various stakeholders’ interests and objectives throughout the 
life-cycle of a project. 
A review of current and recently published research found that considerable work has been done 
in the areas of service life planning, life cycle costing; activity based costing, WLCC and property 
management. The empirical research also focuses on studies towards building conditions. 
Implementation of WLCC and how it can be measured in the construction phase of a construction 
project is similarly well documented. It was found, however, that little research has been carried out 
on how to measure the WLCC towards the materials, operation maintenance and rehabilitation 
(OMR) phases of a building’s life.  
Quality of Whole Life Cycle Costing 
It is evident in a review of published research that the definition of quality varies depending upon 
the approach used. Hellard [4] stated that regardless of the specific quality philosophy, there is a 
consensus that quality includes customer satisfaction, management leadership, and continuous 
improvement of the process. A focus on prevention not detection of defects, education and training 
also generates measurement of quality. Several methods have been proposed to measure quality in 
each phase but the impact of quality in design and construction can only be authorized at these 
initial stages. 
The actual impact of the decisions made in design and construction, on service life and whole 
life cycle costing cannot be ascertained until a building enters the operation and maintenance phase 
and begins to incur costs. While it seems logical that money spent on quality in design, and 
construction will result in saving at a later date, is the cost of implementing quality less than the 
savings accumulated and can the costs be quantified? Otherwise, will the construction and 
management will be manageable and productive at all? [5] 
Examples of the impact of quality upon building service life and whole life cycle costing can be 
found in many sectors, especially in the developed countries. The inherent problem property 
managers face is that while it is possible to measure quality at a specific point in time, such as 
during the construction process, no tool exists that can be used to measure the impact quality has 
over the actual building component service life and thus on a WLCC [3]. This is very important. 
The relatively long design service life of most infrastructures is such that the user or owner is not 
necessarily aware of the severity of degradation until major rehabilitation is identified as a 
requirement by the property manager.  
Methods 
The research methodology followed by a traditional approach of data collection, analysis, pilot 
survey and review. Historical cost and building quality data were collected from 2 selected 
buildings on public high rise building housing in Johor Bahru, and about 2862 randomly resident 
received the survey questionnaire to support this study (refer Table 1).  
Location 1 is the high rise public housing which has been developed in the year 1987; 
meanwhile, the Location 2 is the high rise public housing which has been developed in the year 
2002. These two buildings have been chosen also because of the significant responses from the 
property manager in having a good approach to overcome the over budget in replacing and buying 
the door hardware during the decision making process Besides, the lifestyle of the residents in these 
two public housings was still too much different compared to the other location and compared to 
private housing.  
Individual building components WLCC, building component services and maintenance and 
rehabilitation costs were presented as annual equivalent costs and analysed by age, location, 
building category and description, function and usage using proven statistical methods to determine 
the impact of these factors on costs in developing the best result to be selected through the whole 
life cycle costing approach. Details of WLCC formulae can be found from Eq.1. 
A metric to measure quality was developed and used as a means of determining building 
component's design, construction and operation and maintenance quality. The quality measure can 
be referred under Eq. 2. Ironmongeries costs were then being modelled as a function of quality 
scores. Finally, further discussions for additional research were provided. 
 
Table 1. Details on the Questionnaire Survey Distributed. 
 Location 1 Location 2 
Year of Completion 1987 2002 
Number of Floors 5 18 
Number of Units 2152 2250 
Distributed Sheets (65%) 1399 1463 
Answer Recorded 503 415 
Percentage of Answer Recorded (%) 35.96 28.38 
 
The Whole Life Cycle Costing of the building component can be retrieved from the formulae 
presented below;           
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Where, 
EFCj  = the economic model construction factor for the year of construction. 
EFCk   = the economic model construction factor for the year of construction. 
(ICC) j  = the one time initial construction cost in year j 
(ACC) k  = the one time additional construction cost in year k 
t  = the year of cost is incurred  
n  = the actual service life or period of economic interest 
EFMt  = the economic model operation and maintenance factor for the year t 
(M) t  = the sum of maintenance and repair costs occurring at year t 
(R) t  = the sum of rehabilitation costs occurring at year t 
(U) t  = the annual building service costs occurring at year t 
(CEPers) t = the annual construction engineering personnel costs occurring at year t  
(PILT) t  = the annual payments in lieu of taxes occurring at year t 
 
Presenting cost data in constant year Malaysian Ringgit allows for the comparison of 
expenditures over a specified period. The details of the analysis can be found in Fig.3 
 
                                              (2) 
Where; 
     = building components quality proportion 
      = design and material quality proportion  
       = construction quality proportion 
       = OMR quality proportion 
a, b, c  = constants based on the level of influence quality has on building components WLCC when 
considered in each of the phase of design and material, construction and OMR respectively 
 
Results 
Basically, this analysis is based in two locations, and Table 2 shows the result after the management 
team of their property applied the WLCC approach at their place during the decision making 
process It shows that, the improvement and quality satisfaction for the ironmongeries of the public 
housing increase between year 2011 and 2012. The result does not refer to one location only, but 
both locations.  
 
Table 2. Quality Result after WLCC approach 
  Location 1 Location 2 
  2011 2012 2011 2012 
N Valid 503 503 415 415 
 Missing 0 0 0 0 
Mean 2.4453 2.9801 2.6651 3.3422 
Std. Error of Mean .03007 .03690 .04112 .03458 
Median 2.0000 3.0000 2.0000 3.0000 
Mode 2.00 2.00 2.00 4.00 
Std. Deviation .67430 .82756 .83759 .70439 
Variance .455 .685 .702 .496 
Skewness 1.218 .037 .696 -.594 
Std. Error of Skewness .109 .109 .120 .120 
Kurtosis .182 -1.539 -1.220 -.822 
Std. Error of Kurtosis .217 .217 .239 .239 
Range 2.00 2.00 2.00 2.00 
Minimum 2.00 2.00 2.00 2.00 
Maximum 4.00 4.00 4.00 4.00 
Sum 1230.00 1499.00 1106.00 1387.00 
Percentiles 25 2.0000 2.0000 2.0000 3.0000 
 50 2.0000 3.0000 2.0000 3.0000 
 75 3.0000 4.0000 3.0000 4.0000 
 
Meanwhile, Fig.1 and Fig.2 show the improvement of the quality based on the perception of the 
residents. Even though the resident is not involved 100% during the decision making process, but 
the resident knew that, the management has improved their decision making approached within the 
year 2010 to 2012. Each resident has been told the approach that had been applied. The 
management team also mentioned that the resident needs to evaluate the quality of the material 
between the material before (which is in 2010-evaluation in the year 2011), and the new material 
applied (which is in the year 2011- evaluation in the year 2012) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1: Comparison of Ironmongeries quality in Location 1 between 2011 and 2012  
 
The quality satisfaction of ironmongeries in location 1 improves from at most 10.3% above 
average up to 33.2%. In addition, location 2 also increases from merely 23.9% to 47.7% above 
average satisfaction. This is the activity which dictates that the quality satisfaction had interrelated 
with the costing approached that has been applied to undertake the over budgeting issues and under 
quality material. Therefore, it can be concluded that property manager should consider the WLCC 
approach to take into consideration the quality results from the residents and not just the seller or 
supplier of the material. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2: Comparison of Ironmongeries quality in Location 2 between 2011 and 2012  
 
Conclusion 
Overall, the study of the ironmongeries' quality and the whole life cycle costing approach has 
enabled a researcher to understand more about the use and efficiencies of the WLCC. In addition, 
practitioners can benefit from this paper as it provides information on calculating the whole life 
costing and making the decisions about ironmongeries' selection of their properties. 
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Fig.3: Whole Life Cycle Costing Result 
